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Hypernatremic dehydration is a rare but serious clinical condition in newborns and 
small infants. It is usually caused by diarrhea, improperly prepared infant formula, 
decreased fluid intake, or exclusive breastfeeding. Symptoms are usually masked 
until neurological symptoms occur. We report two infants who presented with fever 
and hypernatremic dehydration caused by concentrating infant formula to alleviate 
symptoms of constipation, and careless formula preparation due to confusion over 
spoon sizes, respectively. In the first case, status epilepticus occurred during early 
treatment, despite close serum sodium monitoring, though the infant was asympto-
matic and thriving 4 years after discharge, with no identified neurodevelopmental 
deficits. The course of treatment was smooth in the second case, and no neurological 
complications developed. The practice of concentrating infant formula to relieve 
symptoms of constipation, although temporarily effective, is hazardous to newborns 
or young infants and can cause hypernatremic dehydration. Spoon sizes supplied 
with commercial infant formulas (30 mL/spoonful or 60 mL/spoonful) should be uni-
fied to avoid mistakes during preparation, especially by inexperienced and teenage 
mothers.
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1. Introduction
Hypernatremic dehydration is an uncommon but 
serious condition in newborns and young infants. 
Complications include seizures, cerebral edema, 
venous sinus thrombosis, pontine myelinolysis, per-
manent brain damage, disseminated intravascular 
coagulation, acute renal failure, and even death. 
It is usually caused by diarrhea, improperly prepared 
infant formula, decreased fluid intake, or exclusive 
breastfeeding.1 We report two cases of hypernatremic 
dehydration in formula-fed infants (2 months old 
and 5 days old), both caused by concentrating  infant 
formula. These cases emphasize the fact that such 
tragedies could be prevented by better public edu-
cation regarding the proper methods of formula 
preparation.
2. Case Reports
2.1. Case 1
A 2-month-old male infant was admitted to our inter-
mediate care unit due to high fever. No other specific 
symptoms were reported by the family. Birth and 
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maternal history were all insignificant. All scheduled 
vaccinations had been received, and metabolic 
screening was normal.
Upon physical examination, the infant’s weight 
was 5.4 kg, his consciousness was clear, but activity 
was poor. Body temperature was 40°C and blood 
pressure was normal (101/72 mmHg). The anterior 
fontanelle was flat, with 2 cm open. Breathing sounds 
were coarse, with tachypnea (respiratory rate: 48/
minute). His heart rate increased to 160 beats/
minute, but was regular without murmur. The abdo-
men was soft without palpable mass or hepato-
splenomegaly. Bowel sounds were normoactive. All 
other physical findings were normal. A series of lab-
oratory investigations was performed after admis-
sion. The peripheral leukocyte count was 16,870/μL 
(neutrophils 36%, lymphocytes 47%, monocytes 10%, 
bands 2%, meta-myelocytes 3%, and basophils 1%), 
hemoglobin concentration was 10.8 g/dL, platelet 
count was 422,000/μL and C-reactive protein level 
was 0.03 mg/dL. Arterial blood gas analysis showed 
pH 7.332, PaCO2 39 mmHg, PO2 210.6 mmHg, bicar-
bonate 20.2 mmol/L and base excess −5.7. Blood 
biochemistry revealed sodium 162 mmol/L, potas-
sium 5.3 mmol/L, chloride 125 mmol/L, blood urea 
nitrogen 47 mg/dL, creatinine 0.4 mg/dL, ammonia 
39 μmol/L, glucose 87 mg/dL, alanine aminotrans-
ferase (ALT) 210 IU/L, and aspartate aminotrans-
ferase (AST) 124 IU/L. Cerebrospinal fluid was clear, 
with a normal total cell count of 19/mm3 (white 
blood cells 4/mm3 and red blood cells 15/mm3) and 
normal biochemistry (protein 2 mg/dL and glucose 
71 mg/dL). Abdominal and brain sonograms were 
both negative.
Antipyretics, intravenous ampicillin (100 mg/kg/
day) and gentamicin (5 mg/kg/day) were given based 
on presumed sepsis. Intravenous fluids were started 
with a 0.3% sodium chloride dextrose solution, with 
the addition of sodium, titrated according to the 
serum sodium levels, when hypernatremia was iden-
tified. Fluid was replaced over 72 hours. Although 
his fever gradually subsided, status epilepticus with 
generalized tonic-clonic convulsions developed 17 
hours after admission. The seizure was finally con-
trolled with intravenous phenobarbital, phenytoin 
and midazolam. Brain computerized tomography was 
reported as normal, but electroencephalography 
showed diffuse cortical dysfunction. Blood biochem-
istry at that time showed sodium 143 mmol/L, potas-
sium 3.9 mmol/L and calcium 9.1 mg/dL. Antibiotics 
were discontinued after sterile cultures 3 days later. 
Viral cultures from the throat and anus were negative. 
Serological examinations for toxoplasmosis, rubella, 
cytomegalovirus and herpes infection were also 
negative. ALT and AST dropped to 147 IU/L and 117 
IU/L, respectively, spot urine sodium was 11 mmol/L 
and fractional excretion of sodium was 0.2%, and 
other blood biochemical parameters returned to nor-
mal on the third day of hospitalization. The patient’s 
body weight returned to 5.77 kg on the third day of 
admission. The infant was discharged 14 days later, 
with normal activity and feeding, and was regularly 
followed up at our out-patient department. Two 
weeks, 9 months, 2 years and 4 years after discharge, 
he was asymptomatic and thriving well. Although no 
brain imaging or objective developmental tests were 
performed at follow-up visits, his developmental 
milestones were all appropriate for his age, and no 
neurological deficits attributable to hypernatremia 
have been identified. Electroencephalography re-
sults returned to normal at 10 months of age.
The family recalled that the baby had suffered 
from constipation since he was 1 month old. A health 
care provider had suggested that his standard infant 
formula should be concentrated by adding more 
formula powder to the originally recommended water 
content. Five, instead of four, spoons of formula pow-
der (30 mL of water/spoonful) were therefore added 
to 120 mL boiled tap water for each meal. He re-
ceived this concentrated milk formula every 3−4 
hours until fever developed 1 month later, at which 
point he was admitted to our hospital. Formula milk 
prepared in our laboratory using the same brand of 
formula at the same concentration was found to 
have a sodium level of 12 mmol/L, compared with 
the standard preparation of 9 mmol/L.
2.2. Case 2
A 5-day-old female newborn infant was admitted 
with a 1-day history of fever and irritable crying. 
She was born in a local obstetric hospital to a G1P1 
mother via Cesarean section at 39 weeks’ gestation. 
Her birth weight was 3.038 kg and she was feeding 
well (70 mL every 4 hours) and showed good activity 
before discharge. On admission, she was lethargic 
and dry, the anterior fontanelle was mildly sunken, 
and her body temperature was 38.5ºC. Her body 
weight was 2.78 kg, and vital signs included a heart 
rate of 157 beats/minute, respiratory rate 69/minute 
and blood pressure 76/51 mmHg. Breathing sounds 
were coarse with tachypnea. Heart beats were regu-
lar, without murmur. Maternal history was insignifi-
cant, with no hereditary or systemic diseases. 
After tracing the feeding history, it was found that 
the baby’s mother had changed the brand of infant 
formula after discharge from the local obstetric hos-
pital. The concentration of the formula had been 
unintentionally doubled when the new, larger spoon-
ful of infant formula powder (60 mL/spoonful) was 
added to the previous amount of water (30 mL/
spoonful). A fever developed after the baby had 
been fed with the high-strength milk five times, 
with 30 mL fed every 2 hours.
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Laboratory findings were as follows: peripheral 
leu kocyte count: 12,430/μL (neutrophils 45.5%, lym-
phocytes 37.8%, monocytes 14.7%, eosinophils 1.1%, 
and basophils 0.9%), hemoglobin concentration 
14.4 g/dL, platelet count 369,000/μL, and C-reactive 
protein level 0.055 mg/dL. Arterial blood gas analysis 
showed pH 7.25, PaCO2 25 mmHg, PO2 112.5 mmHg, 
bicarbonate 10.7 mmol/L and base excess −16.5, 
sodium 151 mmol/L, potassium 4.2 mmol/L, chloride 
125 mmol/L, creatinine 0.5 mg/dL, glucose 88 mg/dL, 
and AST 15 IU/L. Cerebrospinal fluid was clear with 
normal total cell count 27/mm3 (white blood cells 
0/mm3 and red blood cells 27/mm3) and normal bio-
chemistry (protein 51 mg/dL and glucose 62 mg/dL).
Sepsis work-up was started and empirical anti-
biotics were given after admission. The patient was 
initially infused with normal saline under the impres-
sion of hypernatremic dehydration, and this was then 
switched to 0.3% sodium chloride solution. Metabolic 
acidosis was corrected by sodium bicarbonate and 
fluid replacement. Her fever subsided 9 hours later, 
with no need for antipyretics. Serum sodium was ini-
tially closely monitored every 2 hours and dropped 
from 151 mmol/L on admission to 140 mmol/L after 
18 hours of treatment. Metabolic acidosis resolved 
on the second day of admission. The baby’s condition 
improved gradually, and no seizures or other neuro-
logical manifestations were noted during the period 
of hospitalization. Bac terial cultures were negative, 
including blood, urine, stool and cerebrospinal fluid. 
Routine stool examination, stool rotaviral antigen, 
and metabolic screening were all negative. The baby 
was growing well at 9 months old, and continued 
to be followed up at our out-patient department.
Discussion
Hypernatremia in infancy is defined as a serum so-
dium concentration of ≥ 147 mmol/L.2 The mortality 
associated with neonatal hypernatremic dehydration 
is > 10%, when serum sodium is above 160 mmol/L.2 
Infants with hypernatremic dehy dration may appear 
surprisingly well, usually without any conspicuous 
signs of dehydration, which delays the diagnosis and 
can lead to irreversible consequences. The main un-
derlying reason for hypernatremia is intracellular 
volume depletion, with relative preservation of 
the extracellular fluid com partment.3 Nonetheless, 
weight loss, decreased number of stools, and wet 
diapers can all be regarded as warning signs.4−6 
According to recent guidelines, a weight loss of > 7% 
within the first 7 days of life should be considered 
significant.5,6 Fever, as demonstrated in our cases, 
can sometimes distract the attention towards pos-
sible infection, but actually presents as an early 
clue to dehydration.7
Recent reports have emphasized the fact that 
exclusive breastfeeding can sometimes result in de-
hydration and poor weight gain, with the potential 
for serious complications such as severe hypernatremic 
dehydration, seizures, and permanent neurologic and 
vascular damage.8 Moreover, breastfeeding-induced 
hypernatremic dehydration has been increasingly re-
ported.2,3,6,8 Underfeeding has been suggested as a 
probable etiology,7 and a high sodium content in milk 
indicates insufficient lactation.1 In order to overcome 
these problems, the American Academy of Pediatrics 
recommends that any newborn discharged from 
hospital under 48 hours old should be seen within 
2−3 days to evaluate the success of breastfeeding.9
The main goal of treatment for hypernatremic 
dehydration is the correction of shock and careful 
restoration of the circulation volume, and es pecially 
the avoidance of a rapid drop in serum sodium levels. 
The optimal rate of decline in serum sodium is un-
known; a safe rate of about 0.5−1 mmol/hour is 
usually suggested.2,10 Signs of hypernatremic dehy-
dration are often masked by other symptoms; fever 
in our patients was initially interpreted as a result 
of sepsis. Thus, prior to a correct diagnosis being 
made, large amounts of relatively low sodium fluid 
might be administered during the early stages of 
treatment, with resulting unfavorable neurological 
complications. Although about 40% of the infants with 
hypernatremia develop seizures during the acute 
stage of the illness,11 the con vulsion that occurred 
in the first infant in this study could have been pre-
vented if the feeding history had been traced metic u-
lously. It is a tra ditional practice in Taiwan, even 
accepted by some general health providers, to sug-
gest that babies are given concentrated infant formula 
to relieve symptoms of constipation. The temporary 
result is promising, because high-strength milk acts 
as an osmotic stool softener. Parents are reassured 
by the dramatic results, and therefore continue the 
practice until complications occur. Two dif ferent 
spoon sizes (30 mL/spoonful and 60 mL/spoonful) 
are currently found supplied with commercial infant 
formulas. Although the ingredients and instructions 
for preparation are printed on the cans, they are in-
con spicuous and consumers seldom check the details 
before preparing milk, especially when the baby is 
newborn. Our second case represents the tip of the 
iceberg; to prevent the same mistake happening 
again, formula manufacturers should be requested 
to advertise their spoon sizes and  methods of prepa-
ration in the most conspicuous place on their prod-
ucts, or ideally, manufacturers should be required 
to unify spoon sizes across the market.
In conclusion, hypernatremic dehydration is an 
un common condition in neonates and small infants. 
Symptoms are usually masked until complications 
occur. If not treated early and properly, unfavorable 
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neurological outcomes may develop. The practice 
of concentrating infant formula to relieve symptoms 
of constipation, although temporarily effective, can 
cause hypernatremic dehydration. In addition, spoon 
sizes supplied with commercial infant formulas 
(30 mL/spoonful or 60 mL/spoonful) should be uni-
fied to avoid inappropriate prepa ration, especially 
by inexperienced and teenage mothers.
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